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INTRODUCTION
It would be desirable in the adhesive bonding of steel in many munition items if the surface preparation process for the steel could be simplified or even eliminated. The safe use of solvents and chemicals on a production line in cleaning the steel is often tedious, troublesome and expensive, A number of modern adhesives may have some capacity for absorbing the oils that are found on steels, with the resulting tendency to lift the oil and bond to the surface underneath. Unfortunately the data on bonding these adhesives to oily steel tends to be scattered and fragmentary.
In the present work ten commercial adhesives with the potential for bonding oily steel have been selected. Shear strengths of the adhesive bonds to steel have been measured after each of the following treatments:
1. Controls -The steel panels were vapor degreased. After vapor degreasing, a considerable amount of dirt was still evident on the surface. Therefore, the steel panels were additionally acetone wiped (Set 1).
2. As-received -The steel panels were lightly wiped with a tissue to remove excess oil and surface dirt (Set 2), 3 . The as-received steel panels were acetone wiped and then lightly coated with a water soluble oil (Set 3).
The as-received panels were acetone wiped and then lightly coated with a non-water soluble oil (Set 4).
This report gives results of the adhesive bond shear strength study for steel panels treated by each of the four methods.
RESULTS AND DISCUSSION
The raw shear strength data for the ten adhesives are shown in tables 1 through 10. Cursory examination of these tables indicates that 9 of the 10 adhesives form bonds that show very appreciable strengths with all of the oily steel Sets, in some cases even exceeding the controls. This examination also seems to indicate that the exact behavior is highly dependent on the adhesive and oil combination used.
In order to more carefully examine the results for the individual adhesives, a graphical representation of the data is desirable. For this purpose, the Weibull distribution has been found to be useful for this type of mechanical data (refs. 1 and 2).
For the present purpose the cumulative distribution function may be written (refs. 3 and 4):
where F(x) is the distribution function, i.e., the fraction of samples showing a shear strength value of X or below. D( is the scale parameter (y intercept), {3 is the slope and jf is a location or threshold parameter. A plot of the left hand side of equation (1) versus log(X-/) should give a straight line of slope ß and intercept °( . If may be selected on an iterative basis by making trial plots. In the present work satisfactory results were obtained by taking }f = 0 and thus using a two parameter distribution.
The Wilcoxon Sum of Ranks test was used where necessary to determine whether two (or more) sets of data for a given adhesive were equivalent. This statistical test is rapid and convenient and has the advantage that it requires no assumption concerning the distribution of the data (ref. For these adhesives systems, Set 2 (as-received steel) and Set 4 (non-water soluble oil Kwik Kut) gave somewhat lower shear strengths, although usable bonds were still formed. As shown in Figures 1 and 2 , for Versilok 202 and Versilok 204, Sets 2 and 4 gave the same strength. However, for Loctite "Depend" and Dymax 845 the Set 2 was noticeably lower in strength than Set 4. The magnitude of these differences can be seen in Figures 1 through 4 .
Versilok 202, Versilok 204 and Loctite "Depend" are acrylic type adhesives while Dymax 845 is not identified.
For this group we can conclude that the Dore water soluble oil on the surface does not interfere with adhesive bonding. With Kwik Kut oil on the surface, bonds are formed but at a somewhat lower strength. Presumably the rolling oil and dirt on the surface of as-received steel interferes with bonding to some extent, as reflected in the lower strengths. Just how much lower this strength is seems to depend on the particular adhesive utilized.
It should be remarked at this point that not all of the acrylics studied behaved as described for the ones above. These differences will become evident in the later discussion.
Versilok 200
Although the Versilok 200 is an acrylic, its behavior toward oily steel is markedly different from the group discussed above. Both Set 2 (as-received) and Set 4 (Kwik Kut non-water soluble oil) broke while preparing specimens so that no shear strength data could be obtained. Figure 5 shows that Set 3 (Dore water soluble oil) gave significantly greater strength than the controls. Two sets of controls were tested and there was a significant difference between them as indicated in Figure 5 . Since this adhesive did not appear to be promising in bonding oily steel (except for Set 3), it was not studied further.
Plastilock A-l
The Plastilock adhesive is a modified structural acrylic that behaves somewhat differently with oily steel than the other acrylics. This behavior is shown in Figure 6 . In this case both Set 3 (Dore water soluble oil) and Set 4 (Kwik Kut non-water soluble oil) show a small but significant increase in shear strength when compared with the controls (Set 1). Furthermore, Sets 3 and 4 are statistically indistinguishable. Set 2 (as-received) gives markedly lower data than any of the others. This emphasizes once again the highly specific behavior of the various adhesive-oil combinations.
Cybond 4533, Epibond 1210 and Epon 828/Epon Curing Agent V-40
The epoxides Epibond 1210 and Epon 828/Epon curing agent V-40 are the only adhesives studied that form bonds with the as-received steel (Set 2) that are equivalent to the controls (Set 1). This is clearly shown in Figures 7 and 8. The as-received steel bond with the Cybond 4533 is somewhat inferior to the controls but the difference is not great and there is a considerable data overlap as shown in Figure 9 . In other respects the epoxides tend to be somewhat erratic in their behavior. For example, the Dore water soluble oil (Set 3) forms inferior bonds with the Cybond and Epibond but it is equivalent to the controls (Set 1) for the Epon. The Kwlk Kut non-water soluble oil (Set 4) Is Inferior with the Epon and Epibond but the same as the controls (Set 1) for the Cybond.
Conastic 830
Results for the Conastic 830, which was not identified as to chemical type, are shown in Figure 10 , In this case the controls (Set 1) and both applied oils (Sets 3 and 4) showed identical shear strengths. The strengths to the as-received steel (Set 2) were markedly lower.
Results
The results in this preliminary report indicate that it is possible to bond to oily steel without a preliminary surface cleaning. It appears that particular adhesive-oil systems are highly specific, so that care must be taken in selecting the adhesive to bond to a particular surface. Further work along this line is needed. In addition, a study of the durability of bonds to the different surfaces seems indicated before any practical applications can be undertaken.
It appears probable that good bonds are obtained when the adhesive absorbs the oil and then bonds to the surface underneath. In certain cases these bonds may actually be stronger than those to chemically clean surfaces due to the plasticizing effect of the oil on the adhesive. This suggests that some steel surfaces might be treated by washing them with an oil that is compatible with the adhesive to be used. In this way the use of troublesome and/or hazardous cleaning solvents and chemicals may be avoided. Additional work toward this end is needed. ;
EXPERIMENTAL PROCEDURES Materials Steel A 1020 cold rolled steel alloy was used. It had the following ladle composition limits: C, 0.17 -0.24%; Mn, 0.3 -0.6%; P (max), 0.04%; S (max), 0.05%.
Adhesives
The adhesives are shown in table 11,
Oils
The oils are given in table 12.
Preparation of Steel Panels for Mechanical Fastening
The steel panels (12" x 4") were overlapped along the 12" length for 1/2 inch. One hole was drilled through this overlap at each end for the purpose of holding the bonded panels in alignment while the adhesive was curing.
Steel Surface Preparation

Controls (Set 1)
The controls were vapor degreased and then wiped with acetone soaked paper tissue (Scott Assembly Wipes) to remove all visible traces of dirt.
As-Received Steel (Set 2)
The as-received steel panels have dirt and milling oil on their surfaces. These panels were wiped with dry paper tissues to remove excess oil and dirt, Dore Oiled Specimens (Set 3)
The as-received steel panels were wiped with acetone soaked paper tissue to remove all visible traces of oil and dirt. The Dore oil was spread over the surface with a tissue soaked in the oil.
Kwik Kut Oiled Specimens (Set 4)
The as-received steel panels were wiped with paper tissues soaked with acetone to remove all visible traces of oil and dirt. The Kwik Kut oil was spread over the surface with a tissue soaked in the oil.
Bonding and Curing
In Sets 2, 3, and 4 the excess oil on the surface was removed with a tissue.
The prepared steel surfaces were primed (or an accelerator was applied if required). If a drying time was specified in the manufacturer's instructions for the primer or accelerator, the specimens were set aside to dry.
The adhesive resin was applied in excess to insure adequate surface coverage and the two steel surfaces were joined. The steel panels were fixtured to maintain a 1/2 inch lap joint by hammering small metal plugs in the holes, drilled as described above. Weights were placed in the center of the panels to assure even contact along the length of the panel. The bonded panels were cured according to the specifics in table 13.
Cutting and Testing the Steel Specimens
The steel specimens were cut 1" wide and the lap shear test was performed in accordance with ASTM-D-1002 using a 1" wide by 1/2" long lap shear joint loaded at a rate of 2400 psi per minute. Testing was at 70 -73°F on a Baldwin test machine. CONCLUSIONS 1. It is possible to form strong preliminary adhesive bonds to oily steel.
2. Particular adhesives are highly selective with different oils with respect to the strength of the resultant bonds.
3. The results suggest that it may be possible to clean steel surfaces with an oil that is compatible with the adhesive to be used. More work along this line is needed. • Milling oil on as-received steel 
